Portal vein thrombosis (PVT), an obstruction of the portal vein or its branches, is common in patients with cirrhosis; in prospective and retrospective studies, PVT ranges between 8% and 20% in relation to different parameters such as the time of observation, Background/Aim: A reduction in portal vein inflow velocity seems to predispose to the emergence of portal vein thrombosis (PVT). Nonselective β-blockers (NSBBs), used to prevent variceal bleeding, may increase the development of PVT by reducing portal vein inflow velocity. In this retrospective case-control study, we evaluated the risk factors and clinical features of a first event of PVT in 130 cirrhotics, 19 (15%) with (PVT group) and 111 (85%) without PVT (non-PVT group). Patients and Methods: Patient evaluation and NNBB treatment were carried out according to the AASLD guidelines. Results: PVT was prevalently partial (84%) and asymptomatic (84%). Patients with PVT were treated with different regimens, and resolution of thrombosis was observed in about 50% of the cases. In both groups, HCV was the most frequent cause of cirrhosis and Child-Pugh score A was prevalent. Ascites and esophageal varices were more frequent in the PVT group (P = 0.05 and <0.000, respectively). Treatment with NSBBs was significantly more frequent in the PVT group than in the non-PVT group (P < 0.000). PVT was associated with higher prevalence of chronic renal disease (P = 0.002), higher PT impairment (P = 0.003) and lower AST and ALT (P = 0.000). At multivariate logistic regression analysis, history of esophageal varices (P = 0.007) and NSBB treatment (P = 0.0003) were independent risk factors significantly associated with PVT. Conclusions: Esophageal varices and NSBB treatment were independent risk factors of PVT. Larger studies should evaluate the risk between variceal bleeding and portal vein thrombosis of using NSBBs, particularly in the prevention of first bleeding in nonadvanced liver cirrhosis.
the population studied, and the diagnostic methods used. [1] [2] [3] [4] [5] [6] PVT is also related to the stage of liver disease, less frequent in compensated cirrhosis (about 1%) than in decompensated cirrhosis or in patients awaiting liver transplant (up to 40%). [6] [7] [8] [9] PVT is a risk factor of death in patients with cirrhosis. [10, 11] It has been demonstrated that a reduction in portal vein inflow velocity predisposes to the emergence of PVT, [12] [13] [14] whereas portal venous congestion leads to vascular dysfunction with a vasoconstrictor pathway disorder. [15] These vascular alterations, together with an unstable balance in coagulation, typical mainly of advanced chronic liver disease, [16, 17] constitute the pathological bases of PVT in cirrhosis.
As esophageal variceal bleeding is also an important risk factor of death in cirrhotic patients, [18, 19] nonselective β-blockers (NSBBs) are currently used in the prevention of this serious event [18, 19] in high-risk patients. Because a reduction in portal vein inflow velocity may favor the development of PVT, [12, 13] it has been hypothesized that, by reducing portal vein inflow velocity, NSBBs could potentially increase the development of PVT. [20] In contrast, a more recent study that analyzed variables associated with PVT in a large Italian cirrhotic population did not find any difference regarding NSBB treatment between patients with or without PVT. [6] We retrospectively evaluated the risk factors and clinical features associated with the first event of PVT in consecutive cirrhotic patients observed in the last 5 years.
PATIENTS AND METHODS
We retrospectively analyzed the data of cirrhotic patients with a first event of PVT observed at the Internal Medicine, Infectious Diseases and Gastroenterology Units of the University of Campania "Luigi Vanvitelli" from 2011 to 2015. Considering that the incidence of PVT in cirrhosis ranges 8-20% of cases, we evaluated for comparison patients with cirrhosis without PVT matched for Child-Pugh score at the same units in the first 6 months of 2011. The diagnosis of cirrhosis was made on histological or clinical/ultrasonographic (US) examination and all patients were followed in accordance with good clinical practices. Clinical evaluation, liver function tests, US scan follow-up, esophagogastroduodenoscopy (EGD) follow-up, and NSBB treatment (propanolol) were prescribed according to the AASLD guidelines. [18, 21] Propanolol was administered at a dose of 20 mg bid, and reduced when heart rate was under 56/min. Anthropometric parameters, risk factors, clinical stage, and liver and renal function tests were evaluated in both groups; in patients with PVT, the data at the time of development of PVT were evaluated, whereas in patients without PVT the latest available data were considered. Furthermore, in the group with PVT, the extent of thrombosis, clinical presentation at diagnosis, treatment, and outcome were also evaluated.
Patients with PVT had been treated with different therapy regimens and had been followed-up throughout treatment and after discontinuation for at least 3 months.
The study was approved by the Ethics Committee of the University of Campania "Luigi Vanvitelli."
Definition of PVT
In accordance with the literature recommendations, [22, 23] PVT was defined as the presence of a complete or partial obstruction of the main branch or afferent branches detected by ultrasound examination. The venous thrombus appeared as echogenic material in the vessel lumen with consequent partial or total failure of the blood flow detected by color or power Doppler. Presence of PVT is routinely evaluated in cirrhotic patients during examination. US evaluation was performed by a single operator with high experience in the field (>1000 exams) working for all the units involved in the study.
Statistical analysis
Continuous variables were expressed as mean and standard deviation and categorical variables as absolute and relative frequencies. Differences in the mean values were evaluated by an unpaired Student's t-test for normal distribution, the Mann-Whitney test for nonparametric data, and Chi-square test was applied to categorical variables.
A P value <0.05 was considered to be statistically significant. A logistic regression was performed to calculate the odds of showing PVT using all parameters significantly correlated to it at univariate analysis. Statistical analysis was performed using StatGraph, version 3.0 software for Windows (Statgraphics Technologies, Inc., The Plains, Virginia, USA).
RESULTS

Clinical presentation of PVT, treatment, and outcome.
Nineteen cirrhotic patients presented a first event of PVT during the observation period. It was prevalently partial (84%), asymptomatic (84%), and diagnosed by US scan (100%), often during scheduled follow-up [ Table 1 ].
In accordance with the current guidelines, all patients received anticoagulant therapy for at least 3 months after the diagnosis of thrombosis. Most patients (89%) were treated with low-molecular weight heparin (100 IU/kg every 12 hours) and 2 (11%) with vitamin K antagonist (VKA, warfarin) following the International Normalized Ratio (INR).
A resolution of thrombosis was observed in about 50% of the patients, but 15% of those who had been treated with LMWH relapsed [ Table 1 ].
During treatment, no patient experienced major bleeding while 6 patients (31%) experienced an episode of ascites. There was no death from any cause or no new thrombotic events during treatment.
PVT risk factor analysis
The data of 130 cirrhotic patients, 19 (15%) with PVT and 111 (85%) controls, were retrospectively collected. Their general characteristics according to the presence or absence of PVT are shown in Table 2 .
Patients were in equilibrium concerning age and gender distribution. In both groups, HCV was the most frequent cause of cirrhosis, and Child-Pugh score A was prevalent. The comorbidities most frequently observed were essential hypertension and diabetes mellitus; about 20% of patients in both groups were smokers. Only 1 patient with PVT had a history of HCC which was cured before the emergence of PVT.
Signs of portal hypertension, such as history of ascites and esophageal varices, were more frequent in the PVT group than in the non-PVT group (P = 0.05 and <0.000, respectively).
Treatment with NSBBs was significantly more frequent in patients with PVT than in those without PVT (P < 0.000). Duration of NSBB treatment had not been clearly recorded for all patients, particularly for those who had started treatment before being followed-up at one of the centers involved in the present study. NSBB treatment was continued after PVT for all patients.
Liver function tests were within the normal value in the majority of patients and were similar in both groups [ Table 3 ]. Patients with PVT had a higher prevalence of chronic renal disease (P = 0.002), higher PT impairment (P = 0.003) and lower AST and ALT levels (P = 0.000).
At multivariate logistic regression analysis only history of esophageal varices (P = 0.007) and NSBB treatment (P = 0.0003) were independent risk factors significantly associated with PVT [ Table 4 ]. 
DISCUSSION
We found a high presence of PVT (15%) in the population studied; a history of ascites and esophageal varices were more frequent in patients with PVT than in those without PVT. In contrast with the literature data, [6] [7] [8] [9] no patient with PVT had Child-Pugh score C but a high percentage of PVT (71%) was observed in Child-Pugh score A patients. HCC did not seem to influence PVT development.
Most of our patients with PVT showed esophageal varices and were treated with NSBBs. Few data are available on NSBB treatment and PVT development. Qi and colleagues hypothesized that NSBBs, generally used for the prevention of variceal bleeding in cirrhotic patients, might favor PVT by decreasing portal vein inflow velocity. [5] To the best of our knowledge only one report by Pellicelli et al., stated that the use of NSBBs in cirrhosis was an independent risk factor for the development of PVT, [13] however, the patients' Child-Pugh scores were not specified in this study. Our data are in perfect concert with those of Pellicelli et al., but both studies have a low number of patients. In a recent study on a large Italian cirrhotic population, Violi et al. did not find any difference in the use of NSBBs between patients with or without PVT. [6] This was a cross-sectional study and did not focus on the emergence of a first episode of PVT as did our study and that of Pelliccelli et al. However, Violi et al. found that previous PVT, upper gastrointestinal bleeding, Child-Pugh Class B/C, HCC, and old age were independently associated with PVT. [6] Our study population consisted, for more than 70%, of patients with Child-Pugh score A and signs of portal hypertension (varices and ascites); it can be hypothesized that NSBB treatment particularly enhances the emergence of PVT in patients who have a non-advanced stage of liver disease and portal hypertension, thus creating an additive effect on the decrease of portal flow velocity. At present, we have no further explanation for the development of PVT in this group of patients, but further study could specify this issue.
PVT is a multifactorial manifestation during cirrhosis history and pro-coagulant factors may also be involved; unfortunately, we do not routinely test patients for a complete pattern of coagulation factors and do not have the relative data as the study is retrospective.
Certainly other factors could have influenced PVT development correlated to inflammation, hypercoagulability, venous stasis, and anatomical and genetic abnormalities, as observed in transplanted patients. [24, 25] More than 80% of patients with PVT had been treated with enoxaparin, which had been well tolerated. Previous literature data on the management of PVT in cirrhotics are scanty; the studies involved few patients, of different origins and with different types and stages of liver disease; [5, 8] LWMH and VKA seem to be the treatments most frequently used, and in an Italian cohort enoxaparin showed efficacy also in preventing PVT development. [26] The most important limitations of this study are certainly the small number of patients and the retrospective nature, which do not allow definitive conclusions to be drawn; however, this report supports other clinical observations and general hypotheses regarding the role of NSBBs in the development of PVT, especially in patients with a non-advanced stage of liver disease. [5, 13] The risk between variceal bleeding and portal vein thrombosis of using NSBBs, particularly in the prevention of the first bleeding in non-advanced cirrhosis, needs to be evaluated in large trials.
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